The Caiiadas volcanic edifice of Tenerife, Canary Islands, grew upon the 8-3.2 Ma old basaltic series comprising the Teno, Anaga, and Roque del Conde massifs (Fig. lA) . It is cur rently indented by the Las Caiiadas caldera, a semielliptical depression having a northeast trending axis 16 km long and a southeastern wall as high as 500 ID. The origin of the Caii adas cal dera has long been debated. In the recent years the debate has focused on the alternatives of vertical collapse versus lateral collapse, or a com bination of both. We recognize that deposits of both ignimbrites and debris avalanches exist both on land and offshore of Tenerife. In this paper we focus on the avalanches, differentiating several successive events that we interpret as repeated lateral collapses of the Caii adas edifice and that can explain the scalloped horseshoe trace of the caldera wall. The hypothesis of lateral collapse was first expressed by Navarro and Coello (1989) , and the recent discovery of more than 
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! 1000 km3 of volcanic debris spread widely across the sea floor north of Tenerife is a strong argument in favor of the hypothesis (Watts and Masson, 1995) . Subaerial evidence also supports this origin for the Las Cafiadas caldera.
VO L CANIC STRATIGR APHY AND CH RONOL OGY OF LAS CA N ADAS ED IFICE
Las Cafiadas edifice was built by a long com plex series of eruptions during the past 3.5 m.y. Figure 2 presents a simplified sequence based on geologic mapping, radiometric dating, and other observations (Ancochea et aI., 1999) . Las Cafiadas grew in three main phases. The Cafiadas I phase (C-I phase), between 3.5 and 2.6 Ma, was essentially basaltic but included a few late salic eruptions. Basaltic flows dated as 3 Ma crop out low in the caldera wall at Boca de Tauce and La Angostura (Fig. lE) and in the deepest ravines along the southern flank of the Cafiadas edifice. To the north flank, at the base of the TIgaiga massif ( Fig. lE) , is the Tigaiga breccia described by Bravo (1962) and interpreted as a landslide de posit by Navarr o and Coello (1989) . This breccia is 200-300 m thick but is visible only in water tunnels. It consists of fragmented volcanic mate rial within a clay-rich matrix; it is overlain by 2.3 Ma trachybasaltic flows (lbarrola et aI., 1993) . The Tigaiga breccia is inferred to mark the end of the C-I phase of growth.
The Cafiadas IT phase (C-IT phase), produced a lower (2.3-2.0 Ma) sequence of trachybasalt flows and an upper sequence of southwest-dipping phonolites that crop out in the caldera wall at El Cedro (Fig. lE) . On the upper south flank of the Cafiadas edifice are intermediate to salic flows 
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, overlain by a thick basaltic succes sion (1.9 Ma) and then south-dipping phonolites (upper Ucanca unit, 1.5-1.4 Ma). Several welded and nonwelded pyroclastic flows of the C-IT phase (FUster et al., 1994) that have Ar/Ar ages between 1.8 and 1.5 Ma (Fig. 2 ) are well exposed in the southwest slopes of the island. Some of these pyroclastic episodes represent rapid eruptions of several square kilometers or ten of cubic kilome ters and therefore probably represent a multi episodic vertical collapse caldera (VC-I, Fig. lE ) much older than previously recognized (Marti et al., 1994 (Marti et al., , 1997 on top of the C-IT phase edifice. Dikes attributed to the C-IT phase edifice radiate from a locus (C2, Fig. lE ) that we infer to ap proximate the center of the C-IT phase edifice. Morphologic reconstruction (Ancochea et al., 1999) suggests that the C-IT phase central edifice could have had a basal radius of about 20 km and reached an elevation of 3200 m. A vertical-col lapse caldera related to the ignimbrites must have been located in the vicinity of C2 (VC-I, Fig. lE ), but its size, shape, and exact location are uncertain.
The Cafiadas III phase (C-IlIa phase) began ca. l.l Ma with basaltic lava flows followed by thick phonolic flows that are now exposed in the Tigaiga massif and also compose the Las Pilas unit in the caldera wall (Fig. lE) . The Dorsal edi fice (Ancochea et al., 1999) , a northest-trending volcanic ridge, the westernmost flows of which are interbedded with salic rocks from the C-III phase central edifice, was built during the same time. Additional pyroclastic flows (Las Americas ignimbrites, Fig. 2 ) exposed near the south coast are dated as 0.9-l.0 Ma (Fuster et al., 1994 vent phonolitic fall deposits that erupted ca. 0.9 and 0.6 Ma (e.g., at Guajara peak). The final ac tivity of the C-III phase (C-IlIb) edifice (Fig. 2 ) was dominated by a complex succession of phonolitic pyroclastic eruptions that were studied by Marti et al. (1990) in the easternmost Diego Hernandez section of the caldera wall and by Wolff (1985) , Alonso (1989) , and Bryan et al. (1998) in the Bandas del Sur (Fig. lE) . KlAr and Arl Ar ages for this late pyroclastic series are be tween 0.6 Ma (Arico welded ignimbrite) and 0.13 or 0.17 Ma (El Abrigo ignimbrite) and are from rocks exposed on top of the Diego Hernandez segment of the caldera wall (Ancochea et al., 1990; Mitjavila and Villa, 1993) . Here those pyro clastic deposits are sufficiently voluminous (Bryan et aI., 1998 ) that their eruption probably pro duced a new complex, vertical-collapse caldera of uncertain size and shape, centered in the vicin ity of C3 (VC-2, Fig. lE) .
DEBR IS-AVAL ANCHE EPISODES
Teno and Anaga Avalanches of the Old
Basaltic Edifices
Watts and Masson (1995) used sonar back scatter to differentiate four debris units on the sea floor north of Tenerife. The oldest units probably correlate with flank failures in the old basaltic massif of Teno and Anaga. Age information is currently not available for the Anaga avalanche, which is likely a pre-Cafiadas event. In Teno, however, between an older (6.3-6.7 Ma) west dipping pile and a younger (5.6-5.0 Ma) hori zontal pile (Ancochea et aI., 1990) , is a breccia overlain by volcanic debris flows, each 1-2 m thick. This sequence probably represents the sub aerial remains of the Teno avalanche, which therefore must have an age of ca. 6 Ma (Fig. 3) .
Tigaiga Avalanche
Few clues exist for reconstructing the shape of the C-I phase volcano. Assuming that it was a more or less circular basaltic shield, it could have had a radius of -19 km and height of -3000 m (Ancochea et al., 1999) . Alternatively, assuming that it was built along a two-or three-armed rift system (Carracedo, 1994) , it might have resem bled the Canary Island of El Hierro (Fuster et al., 1993) , which has an avalanche caldera (El Golfo) 15 km in diameter (Masson, 1996) . In this latter case, the C-I phase volcano could have had an old (ca. 2.5 Ma) wide depression open to the north and related to the formation of the TIgaiga breccia overlain by 2.3 Ma trachybasalt flows. The trace of a headwall fault may exist along the present caldera wall at La Angostura (Fig. lE) , separat ing brecciated younger trachyte (2.6-2.7 Ma) at a lower elevation from older (3 Ma) basalt flows in the cliff above (Ancochea et al., 1999) . sw and pyroclastic or polygenic breccias jumbled to gether with no clear stratigraphy because of the intense fracturing without a preferred trend. It is cut by many dikes having various orientations. The lower Ucanca unit grades across the Cafladas caldera into the Roques de Garcia unit (Fig. lE) . The Roques de Garcia unit is deeply eroded, and its lower levels have a chaotic structure in which blocks of various lithologies and sizes appear to be broken into clasts that can be fit together locally. These shattered blocks are embedded within a more intensively crushed matrix and injected by clastic dikes a few centimeters thick and composed of variously crushed rocks. The lower part of the Roques de Garcia unit has char acteristics of a landslide deposit; we interpret it as the proximal facies of a debris-avalanche deposit. In contrast, the upper levels of the Roques de Garcia unit consist of stratified volcaniclastic sediments that are cut locally by later dikes (Fig. 4B) . At the foot of the present caldera wall, deep hydrothermal alteration of breccias indi cates that the deep interior of the volcanic edifice was involved in an avalanche of great size, not a local rockfall from a preexisting caldera wall.
The age of this avalanche is not well con strained. One phonolitic fragment and one intru sion (or megablock) within the breccia are dated N o 1 2 3km NE as 1.7 and 1.4 Ma (Fig. 4B) , respectively, and one inward-dipping dike (cone sheet or tilted and slided fragment of dike) has been dated as 1.3 Ma. Thus the materials involved in the avalanche are similar in age to the youngest intact rocks of the C-11 phase edifice. One dike cutting the undeformed volcaniclastic sedimentary rocks is dated as 0.43 Ma, and one radial dike cutting the lower Ucanca unit is dated as 0.6 Ma. These two sets of ages constrain the age of the Roques de Garcia collapse. Moreover, if the uppermost part of the section at Guajara (Fig. lE) is cut by the headwall fault of the avalanche caldera, the collapse could have occurr ed more recently than 0.90 Ma (Ancochea et al., 1995) or even 0.60 Ma (Marti et al., 1997) . However, if the uppermost Guajara was not cut by the avalanche, but only later by retreat of the caldera wall, the Roques de Garcia event must have occurred ca. 1.4-1.0 Ma. No more precision is available for this avalanche event because datable synfailure mag matic material has not been identified.
Orotava and Giiimar Avalanches
The Orotava valley is broad (10-12 km wide, opening northward) and steep-walled; a lateral collapse origin is generally accepted. It cuts sharply across the basaltic Dorsal Edifice on its east side and the C-III phase Tigaiga massif on its west side and is floored by a breccia (Coello, 1973) . It formed later than 0.69 Ma, the youngest age measured in the C-III phase rocks of the west wall (Tigaiga) and headwall (cutting the Las Pilas unit), but before the oldest fill now exposed (0.54 Ma; Ancochea et al., 1995) in the younger Diego Hernandez escarpment (Fig. lE) . The southeast flank of the Dorsal edifice was also marked by another, but south-directed, large landslide that formed the Gtiimar valley later than 0.84 Ma, as measured on the upper lava flows of its western wall (Ancochea et al., 1990) .
Icod Avalanche
Another north-directed landslide produced the leod valley (Fig. lE) ca. 0.15 Ma (Navarro and Coello, 1989; Ancochea et al., 1990; Watts and Masson, 1995) . A subaerial deposit of this land slide is unknown (except in some water tunnels), but can be seen on the sea floor north of Tenerife (Watts and Masson, 1995) . For this avalanche, the principal uncertainty is the location of its head wall. Marti et al. (1997) suggested a mechanical connection between a vertical collapse (their Diego Hernandez caldera) and the leod flank col lapse, the former triggering the latter. In their interpretation the leod collapse was limited to the northern flank of the Cafladas edifice. That inter pretation has been challenged by Ancochea et al. (1998) , and Watts and Masson (1998) , who argued that the leod slide extended southward to the present caldera wall, as proposed by Navarr o and Coello (1989) and Watts and Masson (1995) . We accept this interpretation, but apply it only to the eastern segment of the caldera wall because we believe that the western segment was formed by the older Roques de Garcia avalanche.
Volume of Avalanche Deposits
The existence of more than 1000 km3 of debris avalanche and debris-flow deposits on the sea floor north of Tenerife has been demonstrated (A) through marine geophysical studies (Watts and Masson, 1995; Teide Group, 1997) . These depos its were formerly attributed to the !cod and for El Hierro (Holcomb aud Searle, 1991; FUster et al., 1993) aud La Palma Islauds . The total volume lost in the ava lanches can accOlll l t roughly for the volume of volcanic debris observed on the sea fl oor north of Tenerife. Thee distinct collapses produced dif ferent segments of the Las Cailadas caldera wall, and a fourth produced the Orotava valley.
Together they compose a multiepisodic lateral collapse structure roughly 25 km wide (Fig. lB) .
Since the first of these lateral collapses, the Cailadas edifice probably was very asymmetric (Fig. 4A) , the old, clay-rich Tigaiga breccia pos sibly acting as a weak detachment surface for successive later landslides. In this interpretation, the present shape of the Las Cafladas caldera wall is not related to ignimbritic eruptions and vertical collapse, but is instead a product of repeated flank failures. The western segment of the cal dera wall is the legacy of the Roques de Garcia avalanche, and the eastern segment is the result of the younger !cod event. 
